Introduction 1
The Caribbean is a hotspot of biodiversity with some of the highest rates of extinction 2 recorded throughout the Holocene (MacPhee and Flemming, 1999; Dávalos and Turvey, 2012) . 3
Studies on insular vertebrate biodiversity and their prehistoric remains have shown that the 4 faunas present on this archipelago today are only a remnant of the richer species assemblages of 5 the past (e.g. Morgan and Woods, 1986; Pregill et al., 1988) . Recent biodiversity extinctions in 6
the Caribbean are often attributed to natural phenomena (e.g. global climate change) and human 7 effects, such as hunting, habitat alterations, and the introduction of exotic species (Morgan and 8 Woods, 1986; Stoetzel et al., 2016; Borroto-Páez and Mancina, 2017) . Globally, most island 9 extinctions seem to coincide or follow the arrival of humans, although the magnitude and overlap 10 of these events seem to vary depending on island size, human cultures, and the characteristics of The role of humans on Caribbean vertebrate extinctions, especially mammals and birds, 19 has been debated for nearly four decades (e.g. Olson, 1982 ; Morgan and Woods, 1986; Pregill et 20 al., 1994) . While recent data has shed light upon the arguments of the cause, effect, and timing 21 2.1 Regional setting 14 Cuba (22.025˚ N, -78.997˚ W) is the largest island in the Caribbean (Fig. 1 ). It comprises 15
an archipelago of about 4,000 islands and occupies about 46% of the total land area of the 16
Caribbean (Woods and Sergile 2009). The island contains diverse habitats ranging from tropical 17 dry to mesic forests, semideserts, and mountains that reach elevations no greater than 1974 m; 18 conditions that contribute to the overall species diversity. We compiled fossil and archaeological 19
data from 17 unique localities across western and central Cuba (Fig. 1, Table 1 ). 20
AMS Radiocarbon ( 14 C) dated material 21
We present a dataset comprising seven direct last appearance 14 C dates (LADs), cross-1 referenced with an additional 80 indirect chronologic taxa associations for extinct Cuban birds, 2 mammals, and a tortoise extracted from available published sources; including previously 3 unreported fauna from sites with known associated chronologies ( Table 1 and Table S1 ). The 4 new directly dated material included here was collected from several fossil-rich localities and 5 complemented with material from 10 direct and 40 indirect records from the literature ( Table 1 , 6   Table S1 , for study site details see Supplementary Text S1). Material excavated from these sites 7 is deposited at the Museo Nacional de Historia Natural (MNHNCu) and at the Gabinete de 8 
A rationale for a subdivision of the Amerindian interval 1
Given that humans only arrived in Cuba after the middle Holocene (mHOL, < ~6 ka; 2
Cooper, 2010; Napolitano et al., 2019), we subdivide the Amerindian interval into two 3 subintervals to better discuss LADs in the context of different cultural practices and degrees of 4 environmental alteration. This helps in providing a better resolution of the timing or patterns of 5 extinction and extirpation. These two intervals are the early Amerindian (~6-1.5 ka BP) and the 6 late Amerindian (1500-500 BP). Our use of this specific scheme focuses attention on the cultural 7 groups that could have importantly affected the natural environments of the island at a given 8 chronological interval and provides a better resolution to the timing of extinction or extirpation. 9
An expanded rationale for these subintervals, climate-related information, and a description of 10 the sites and deposits are provided in the Supplementaty Text S2. rodents, four capromyid rodents, four sloths, three eulipotyphlans, one monkey and seven bats 20 Table 1 ). Moreover, we provide new direct radiocarbon dates on Amerindian human 21 remains that contribute to a better understanding of the contexts of association for several species 22 that lack direct dates ( Fig. 2 , Table S1 ), and provide further support to formerly estimated LADs 1 (e.g. for the extirpated bat Mormoops megalophylla from Cueva del Gato Jíbaro in Orihuela and 2 Tejedor, 2012; see Table 1 , Table S1 ). 3
Of the chronologically analyzed extinct and extirpated vertebrates, 44.4% (12 of 27) 4 dated well into the late Amerindian (1500-500 BP; Fig. 2 Table S1 ). Morgan and Ottenwalder, 1993; Jiménez, 2015), but an early Holocene extinction is also 15 plausible for these taxa. 16
Generally, eulipotyphlan insectivores and native rodents yielded LADs that are 17 borderline to the post-Columbian interval, which seem to corroborate former assumptions of 18 their extinction during the historic interval (Guarch, 1982 (Guarch, , 1984 Pino, 2012;  Fig. 2 , Table 1 , 19
Table S1-S2. Direct and indirect dates for extant but critically endangered species, such as 20
Mesocapromys nanus, Solenodon cubanus, and the bats Antrozous koopmani and Natalus 21
primus, suggest that these species had a much wider distribution throughout western Cuba up to 22 the time of European colonization. In this sense, these data could be capturing the initial range 1 collapse or earlier stages of extinction processes. resolution of chronological data. Herein, we provided a broadscale overview of vertebrate loss in 10
Cuba with chronologic LAD coverage of 56% of all extinct taxa documented for the island. For 11 the few taxa, we analyzed that are still extant, our results reveal a better context of the history of 12 these species. For extinct taxa specifically, we detect a pattern of associated loss representing 13 about 48% of Cuban species primarily associated with an interval of active human presence 14 (lHOL, ca. > 4.2 ka). Our results reveal that at least five species disappeared between 11-8 ka, a 15 time interval before the arrival of humans on Cuba. Extinctions increases to 7-8 species during 16 the middle Holocene, and most of these taxa likely disappeared following human arrival after ~6 17 ka. Most of the extinct species in Table 1 survived the Pleistocene-Holocene transition (PHT, ca. 18 11.7 ka) and several thousand years of human inhabitation in Cuba (Fig. 2 , Table S3 ). Table 1 , Table S2 -S3). The majority of these (66.6%) have LADs well The earliest Amerindians to arrive in Cuba were the so-called "archaic" pre-Arawak that 9
reached the island during the mid-Holocene (Cooper, 2007 (Cooper, , 2010 Early Amerindian culture middens show a preference for coastal and riverine resources, 16
predominantly mollusks and fish (Pino, 1978 (Pino, , 2012 Table S1 ) suggest that they coexisted in time but there is yet no conclusive evidence 19 Other groups of hunter-fisher-gatherer Amerindians are also present in the Cuban 21 archaeological record with radiocarbon dates between 2500 BC and AD ~1500 (Guarch, 1990 ; The Taíno hunted, fished, gathered, practiced land clearing for agriculture and lived in a 22
wide range of sites that they could have fully exploited (Guarch, 1978; Rouse, 1992 ; Torres, 
Conclusion 13
We support the hypothesis that extinctions in Cuba occurred in multiple episodes during 14 the Holocene. The majority of these reflected in direct and indirect LADs that coincide with 15 arrival of agroceramist groups and other later on, in the subinterval we have defined as the late 16
Amerindian (> 1.5 ka). Our data suggest that at least in Cuba, nearly half of the extinct land 17 mammals (i.e. 44 %), and at least some avian extinctions, occurred during the last 1500 years. 18
Making the late Amerindian and post-Columbian extinction episodes the most significant in 19
Cuba's late Quaternary. Historically, the first two centuries of colonialism in Cuba were not 20 considered as having a strong impact on the fauna because large deforestation and environmental 21 modifications began after the XVIII century. 22
Although a seemingly important extinction event is observed from LADs within the early 1
Amerindian intervals (i.e. 33% of the 27 analyzed taxa have LADs between 6-1.5 ka), there is no 2 evidence for a megafaunal overkill or blitzkrieg extinction in Cuba. It is possible that this 3 apparent extinction episode is an artifact of the lack of data because taxa with LADs within this 4
interval could have persisted later in time. However, it nevertheless suggests that not all 5 extinctions were driven by humans because some species did go extinct before human arrival to 6 the archipelago (e.g. the bats Pteronotus pristinus, Cubanycteris silvai, Phyllops silvai, and the 7 monkey Paralouatta varonai). Among the causes during the middle Holocene is a probable 8 cascade effect combining climatic and anthropogenic factors that resulted in the asynchronous 9 extinction of native land vertebrates. Cuba: Características y distribución geográfica de los depósitos con restos de vertebrados. listed in parenthesis in Table 1 and described in Supplementary Text S2 study site details. Cuba inset shows specific localities within 4
Artemisa, La Habana, and Mayabeque provinces. Marker 8/12 in inset represents two nearby unique localities. Antrozous koopmani left hemimandible (~1150 BP, Cueva de los Nesofontes); e = Nesophontes 7 micrus skull (late Amerindian, Cueva de los Nesofontes); f and f1 = Nesophontes major skull 8 and hemimandible (~1418 BP, Cueva de los Nesofontes); g = Pulsatrix arredondoi tarsus (~1390 9 BP, Cueva del Muerto); h = Mesocapromys kraglievichi left hemimandible (late Amerindian, 10
Cueva de los Nesofontes); i = Solenodon cubanus, left hemimandible (~820 BP, Cueva de 11 Calero). All bars scaled to 10 mm, except in b as indicated. 
